In a field trial conducted on a commercial swine farm, lean-genotype sows (n = 485) were fed diets containing 0 or 10% supplemental fat as either medium-chain triglyceride or choice white grease from d 90 of gestation until weaning (15.5 d). Effects on standard sow and litter production traits were examined together with assessment of sow body condition using live ultrasound. Daily feed intake during lactation was 10% higher in sows consuming diets without added fat (7.2 vs 6.5 kg; P < 0.01); however, lactation ME (23.9 Mcal/d) and digestible lysine (54 g/d) intakes were unaffected (P > 0.10). Sows supplemented with fat were 4 kg heavier on d 109 of gestation (220 vs 224 kg; P ≤ 0.01), 1 d after farrowing (210 vs 214 kg; P ≤ 0.01), and at weaning (210 vs 214 kg; P ≤ 0.01). Expressed as overall gain, this amounted to a 23% increase (0.66 vs 0.86 kg/d; P ≤ 0.01) and was accompanied by a 49% increase in backfat (0.82 vs 1.68 mm; P ≤ 0.03) from d
Introduction
Feeding supplemental fat to sows in late gestation and(or) lactation increased milk IGF-I concentration and pig weight gains up to 25%, and the gain was composed predominantly of body fat (Averette et al., 1999; Tilton et al., 1999 , van den Brand et al., 2000b . In addition to increased weaning weight, a plethora of 38 90 to farrowing. Changes in sow weight (−0.01 kg/d) and backfat (+4.2 mm) over lactation were minimal and were not affected by fat supplementation (P ≥ 0.10). Longissimus muscle area at weaning was slightly greater (44.96 vs 46.2 cm 2 ) in sows consuming fat than in control sows (P ≤ 0.05), but changes in longissimus muscle area were not significant from d 90 to weaning (P ≥ 0.10). Gestation length, pigs born alive, average birth weight, survival (d 3 to weaning), and days to estrus were not affected by diet (P > 0.10). However, supplemental fat increased pig ADG (192 vs 203 g/d; P < 0.01) and average pig weaning weight (4.3 vs 4.5 kg) at 15.5 d (P ≤ 0.02). No differences between the two fat sources were detected. This large-scale study demonstrated that supplemental fat during gestation and lactation effectively improved sow condition and improved suckling pig performance without affecting energy intake during lactation, implying improved efficiency of sow energy utilization. studies (see Pettigrew, 1981 for review) has indicated that added fat will improve pig survival when herd baseline survival is < 80%.
Because of limited energy stores in neonatal pigs (Curtis et al., 1966; Seerley et al., 1974) , and because of the unique nutritional and metabolic attributes of medium-chain triglycerides (MCT), others have examined supplementation of pigs with MCT (Odle, 1998) . As an alternative to gavaging individual pigs, Azain (1993) determined survival of pigs from sows fed MCT and found that survival of pigs weighing < 900 g was 36% greater than that of pigs from sows fed starch. Similarly, Jean and Chiang (1999) noted a twofold improvement in survival along with increased liver and muscle glycogen content of low-birth-weight pigs nursing sows supplemented with MCT. An increase in nutrients within maternal circulation (e.g., glucose, fatty acids, ketone bodies; Kasser et al., 1981) together with increased milkfat percentage observed when dietary fat is provided to the dam may be the basis for improved survival of pigs. Sow body condition also may be improved by feeding supplemental fat, especially in lean-genotype sows. Increasing ME intake with supplemental fat may decrease the severity of the changes in sow body condition and improve performance, because large fluctuations in BW or condition can harm reproduction (Reese et al., 1982) . Therefore, the objective of this experiment was to determine the effects of supplemental dietary fat fed as either MCT or long-chain triglycerides (LCT) on reproduction/lactation performance and body condition of sows within a large-scale, commercial-farm environment.
Materials and Methods
Four hundred eighty-five sows (PIC line 42) located on a corporate swine farm in North Carolina were randomly assigned to one of three dietary treatments (Table 1). Diets contained one of three sources of supplemental fat as follows: 0% (n = 164), 10% MCT (n = 159), or 10% LCT (n = 159). Three sows were removed from the study due to death or false pregnancy. All animal procedures were approved by the Institutional Animal Care and Use Committee of North Carolina State University. This experiment was completed in a 9-wk period occurring from mid-May to late July, and maximum daily temperature averaged 29 ± 5°C. There were 97 first-parity sows; the other sows ranged from the second to the ninth parity with a mean of 3.47. Sows were housed and fed individually throughout the experiment. Sows were housed in a commercial-style gestation barn with individual crates and a trough feeder. Beginning on d 90 of gestation, sows were provided with 2.0 kg/d of their respective diets. Fat was provided as either MCT (C8/C10; Lonza, Fair Lawn, NJ) or as choice white grease (LCT; Carolina By-Products, Smithfield, NC). Gestation diets met or exceeded NRC (1998) requirements. For both gestation and lactation, the ME content of the diets was greater than the NRC (1998) value of 3,265 kcal/kg. The control diet and fat-supplemented diets were not isocaloric but were formulated to equalize the lysine:ME ratio. Sows were fed 2.0 kg/ d of their respective lactation diets (Table 1 ) from d 109 ± 2 after being moved into the farrowing house. The CP and lysine content of the lactation diets exceeded the NRC (1998) requirements to include a safety margin. After parturition, sows were fed five times daily to provide continuously fresh feed and to maximize lactation feed intakes.
Sows were individually weighed on d 90 ± 1, d 109 ± 2, 1 d after farrowing, and at weaning. Change in sow weights was determined as the weight on d 109 minus the weight on d 90 (gestation) and for lactation as the weight at weaning minus the weight 1 d after farrowing. Body condition scores of each sow were recorded on d 90 ± 1, 1 d after farrowing, and at weaning. A scale of 1 to 5 was used to visually evaluate the body condition; a value of 1 was assigned to a very thin sow and 5 to a very fat sow, and the optimum score was given a value of 3 (Patience and Thacker, 1989) . Backfat and longissimus muscle area at the 10th rib were also measured on d 90 ± 1, d 1 ± 2 of lactation, and within 2 d of weaning by real-time ultrasound (Aloka 500 V, Aloka Co., Tokyo, Japan). These measurements were made by a certified ultrasound technician. Change in backfat and longissimus muscle area during gestation was determined as the measurement at farrowing minus the value on d 90. Change in backfat and longissimus muscle area during lactation was determined as the measurement at weaning minus the measurement at farrowing.
Heat lamps were provided for pigs from farrowing to d 3. Heat pads were provided throughout lactation for litters. Litter weight, number of pigs born alive, number of stillborns, and the number of mummies were recorded on d 1 of lactation. According to rigid farm management practices, pigs were cross-fostered within treatment until d 3 to standardize litter size at 10 to 12 pigs. On d 3 the litter was weighed and the number of pigs was recorded. From d 3 to weaning, only pigs considered terminally ill were removed from the study so that survival from d 3 to weaning could be determined. Litters were weighed at weaning (avg 15.5 ± 0.17 d). After weaning, sows were returned to the breeding barn and number of days to first service was recorded.
Statistical Analysis. Data were analyzed using the GLM procedure of SAS (SAS Inst. Inc., Cary, NC) as a completely randomized design. Residual error was used to test treatment differences. The number of stillborns/ litter; number of mummies/litter; individual pig birth weight; days to estrus; gestation weight change; lactation weight change; body condition score at farrowing and weaning; change in body condition score from d 90 to weaning and from d 0 to weaning; backfat depth on d 90, d 0, and at weaning; and longissimus muscle area on d 90 and at weaning were analyzed using sow weight on d 90 as a covariate. The number of pigs alive at weaning was analyzed using pig age at weaning and number of pigs on d 3 as covariates. Individual pig weaning weight was analyzed using pig age at weaning and pig weight on d 3 as covariates. Survival from d 3 to weaning was analyzed using pig weight on d 3 and number of pigs on d 3 as covariates. Treatments were compared using single-degree-of-freedom orthogonal contrasts (Steel and Torrie, 1980 ). These comparisons included both level of supplemental fat (0% vs. 10%) and source of supplemental fat (MCT vs LCT).
Results
Litter Performance. The number of pigs born alive was not affected by dietary treatment (Table 2 ; P > 0.10).
The prevalence of mummies and stillborns was higher (P < 0.02) when supplemental fat was fed. The number of stillborns was greater (P < 0.03) with the MCT than with the LCT treatment. Overall pig survival from birth to d 3 averaged 92.1%. Percentage of survival averaged 94.3 ± 0.9% from d 3 to weaning and was unaffected by treatment. Pigs nursing sows fed supplemental fat had a 6% greater ADG (P < 0.002), resulting in greater weaning weights (Table 2 ), but no differences between fat sources were detected (P > 0.10).
Sow Performance. Lactation feed intake of sows was 10% lower (P < 0.01) when fat was supplemented (Table  3) ; however, ME (23.9 Mcal/d) and digestible lysine (54 g/d) intakes were unaffected. Supplemental fat did not affect the weaning-to-estrus interval. Initial sow weight on d 90 was different (P < 0.01) between the MCT and LCT treatments (Figure 1 ), so weight on d 90 was used as a covariate in the statistical analysis (Figure 1) . A 23% (4 kg) greater increase in sow weight over gestation was observed in the groups fed 10% fat (P < 0.01; Figure  1 ). The resulting difference in weights observed on d 109 persisted throughout the study until pigs were weaned; however, treatment effects on subsequent sow weight gains were not detected (Table 3 , P > 0.10). Surprisingly, there was essentially no weight gain or loss in sows over lactation, regardless of treatment. Body condition scores recorded on d 90 (2.76), after farrowing (2.72), and at weaning (2.63) were not different (Table  3) . However, the overall decrease in body condition score from gestation (d 90) to weaning was lower (P < 0.07) in sows receiving supplemental fat than in control sows, and 67% of this difference occurred during the lactation period. Backfat depth was not affected by treatment (Table 4) ; however, changes in backfat depth (within an animal) were 49% greater (P < 0.01) in sows consuming fat during gestation than in sows fed the control diet (Table 4) . Backfat depth increased by > 4 mm during lactation, but treatment effects were not detected (P > 0.10). Longissimus muscle area on d 90 of gestation and at parturition was not affected by fat supplementation (Table 4) . At weaning, longissimus muscle area was 2.5% greater (P < 0.05) in sows consuming 10% dietary fat.
Discussion
Fat addition is one method used to manipulate the energy density of the diet to improve energy intake. In many cases, provision of a lipid product such as tallow or lard may be more cost-effective than use of carbohydrate energy sources (Doreau and Chilliard, 1997) . Improvements in energy intakes are needed because the energy demands of lactating sows are high (≥ 15 to 20 Mcal ME/d). Typically, the amount of feed needed to provide this quantity of ME is not voluntarily consumed by the sow, and thus lactational weight loss occurs. The typical lactation diet contains 3,265 kcal of ME/kg (NRC, 1998), and a sow would need to ingest an average of 6.1 kg of feed daily over lactation to ingest 20 Mcal of ME. These daily intakes were exceeded in our experiment, regardless of fat addition. We believe that the high ME intakes in this experiment were due in part to the high feeding frequency (five times per day during the coolest hours (0300 to 1300)). Placing fresh feed in the feeder may have stimulated a behavioral response in the sows, elevating lactation feed intake and thereby allowing them to maintain BW and increase backfat depth by as much as 4.5 mm. However, increasing feeding frequency has not always resulted in significant differences in lactation feed intake (NCR-89, 1990) . Some studies have shown a reduction in feed intake when energy density is increased by adding fat, and other studies have shown no difference between addedfat and control groups. In many cases the energy intake is numerically higher for sows consuming diets with additional fat. In an experiment in which sows con- sumed a control diet or 10% addition of a dried-fat product, Shurson et al. (1986) did not detect any differences in feed consumption. However, in our experiment feed intake was decreased by 10% in sows consuming the fat-supplemented diets. Thus, sows consumed the same amount of ME and digestible lysine. These intakes are higher than those reported in similar studies (Pettigrew and Moser, 1991; Coffey et al., 1994; Tilton et al., 1999) . Results of our study follow the same trend as that observed by Boyd et al. (1978 Boyd et al. ( , 1982 . They noted that feed intake was lower when fats were added due to the increased caloric density of the diet. In a review of 19 experiments, Pettigrew and Moser (1991) determined that an average decrease in feed intake of 267 g/d occurred when fat (≥ 10%) was added to the lactation diet. They noted, however, a consistent increase (1.24 Mcal ME/d) in the energy intake. This was even greater (1.55 Mcal ME/d) when the amount of fat added was 10% of the diet or higher. Because of the high level of feed intake in our study, this effect was not observed. An increase in ME intake with fat supplementation seems to occur only when feed intake is limited due to other causes such as temperature extremes, health challenges, and poor feed quality (O'Grady et al., 1985) . The advantage of increasing energy intake by adding dietary fat can be particularly helpful during hot summer months when feed intake is typically depressed (Schoenherr et al., 1989; Azain et al., 1996) . A study by Reese et al. (1982) showed that when sows were fed 16 Mcal of ME/d over lactation, weight loss was reduced by 148% compared to sows fed 8 Mcal of ME/d. In addition, backfat loss was 338% greater in Table 4 . Effect of dietary medium-chain (MCT) or long-chain triglyceride (LCT) during gestation and lactation on ultrasound measurements of sow backfat depth and longissimus area (least squares means) the sows consuming 8 Mcal of ME/d. These changes were associated with a return to estrus by 14 d after weaning by 92.9% of the animals consuming 16 Mcal of ME/d compared to only 41.9% of the animals on the lower-energy diet. The daily energy intake in our study exceeded the 16-Mcal treatment in the study by Reese et al. (1982) by 49.3%, and this likely the reason that no differences were noted in the rebreeding interval. A recent series of studies examined the effects of feeding level and energy source on multiple factors involved in the interaction between nutrition and reproduction (van den Brand et al., 2000a,b,c) . They noted an increased weight loss in sows consuming a portion of their energy intake as supplemental fat compared to those fed starch (van den Brand et al., 2000b) . Regardless of the fat or energy source in our diets, there were no differences in lactation weight loss. In fact, from 1 d after farrowing to weaning, weight loss was minimal (Table 3 ). The number of pigs born alive was not affected by dietary fat in our study. In previous work the percentage of stillbirths was not affected by dietary fat (Stahly et al., 1986; Seerley, 1989) . The increase in stillbirths in this study cannot be explained. It is important to note that the increase in stillbirths did not affect the number of pigs born alive. The increase we observed in the number of mummies per litter also was observed by Neal et al. (1994) . However, it is not clear why supplementation of fat in the sow diet as late as d 90 of gestation would have any effect on this variable. There was no difference in pig birth weight in this study. Coffey et al. (1994) noted an increase in birth weight due to an increase in the energy fed in gestation. They began feeding the experimental diets 30 d before breeding. In general, birth weights have not been affected by fat supplementation of sows' diets in late gestation (Pettigrew, 1981) .
Because of high postnatal death losses in swine (USDA, 1997), improvement in energy status of the pig at birth might improve survival. Improved pig growth and survival have been related to increases in milkfat when sows are fed increased dietary fat (Seerley et al., 1974; Pettigrew, 1981; Averette et al., 1999 ). Cieslak et al. (1983 found that adding 15% lipid to sows' diets increased the survival of the smaller pigs but had a diminishing effect as the birthweight of the pig increased. Azain (1993) fed MCT to sows in an isocaloric and isonitrogenous comparison to either starch or soybean oil. No improvements in pig growth were observed, but survival of pigs weighing < 900 g at birth was 68%, compared to only 32% in the starch-fed control group. These changes were not likely due to an improvement in the milk composition because the C8 and C10 fatty acids accounted for less than 5% of the total milk fatty acids. Further, total milk lipid content was decreased in sows consuming the medium-chain fat source. However, blood glucose concentration was greater at birth in pigs from sows fed either the soybean oil (80.3 mg/ 100 mL) or the medium-chain triglyceride (76.8 mg/100 mL) than in those fed starch (61.3 mg/100 mL). Azain (1993) hypothesized that the increase in survival was therefore due to an improvement in the ability of the pig to regulate blood glucose. This suggestion was corroborated by Jean and Chiang (1999) , who observed improved survival of pigs from MCT-fed sows associated with increased liver and muscle glycogen content. Although there is limited fatty acid transfer across the porcine uterus and placenta to the fetal tissues (Thulin et al., 1989) , ketone bodies produced from the oxidation of lipids may provide carbon to the fetal pig to fuel glycogenic and lipogenic pathways. Medium-chain fatty acid oxidation and its products may alter insulin secretion and glucose metabolism in animals that consume a portion of their energy intake as MCT (Greenberger and Skillman, 1969; Lepine et al., 1989; Odle et al., 1991) . Therefore, it is likely that the effects of the medium-chain energy source would occur before parturition. Unfortunately, due to managerial constraints, we were unable to assess effects of MCT on neonatal survival from birth to d 3. We are not ruling out unique and specific effects of MCT, but, due to the constraints of the study, we are unable to make conclusions about MCT effects. Spence et al. (1985) measured the effects of ketogenic diets fed to sows before parturition and observed increased liver glycogen content in pigs. Increased energy storage may improve survivability.
This experiment was conducted on a commercial sow farm where intensive cross-fostering is part of normal farrowing-house management. Cross-fostering is known to have a beneficial effect on pig survival (England, 1986) . We detected no effect of feeding dietary fat to sows on pig survival from d 3 to weaning. By d 3 pigs that have not already succumbed due to low energy status have probably developed sufficient ability to regulate their blood glucose concentrations. However, supplementation of sows' diets with fat did improve pigs' weight gains during lactation, as reported recently (Averette et al., 1999; Tilton et al., 1999) . Tilton et al. (1999) and van den Brand et al. (2000b) both noted that increased gain was primarily composed of fat when sows were fed diets supplemented with fat. Even modest improvements in pig weaning weights may be beneficial, especially when animals are subjected to weaning stressors at an early age.
Collectively, because the pigs from sows fed supplemental fat had greater ADG and weaning weights, and because the sows consumed the same amount of ME over lactation without significant changes in body mass, we infer that the efficiency of energy utilization was improved with dietary fat supplementation. Fat-supplemented diets have a lower heat increment due to the high efficiency of dietary fat conversion to body or milk fat compared to protein or carbohydrates (O'Grady et al., 1985; Pettigrew and Moser, 1991) , and this could explain, in part, the observed response.
Implications
This large-scale field trial conducted on a commercial swine farm shows that supplemental energy from dietary fat can improve body condition of lean-genotype sows during gestation. An intensive lactation feeding protocol (five times per day) resulted in high feed intakes even within control sows and may have obviated effects of supplemental fat on body condition after farrowing. Differences between the medium-and longchain fat sources were not detected in this study. However, supplemental fat during lactation improved suckling pig growth rates and weaning weights, effects that may benefit early-weaning management programs.
